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Abstract: To date, little is known about the spatial aspects of the creativity of university campuses
and their public spaces. This study recognises that creativity is the fourth sustainability, because the
spatial configuration of campuses and city-university accessibilities are ‘creative solutions’ conceived
for human needs. At the same time, creative ideas depend on interactions between individuals
and the built environment. Therefore, based on the theoretical framework of the scholars who
have explored the spatial aspects of creativity, this study empirically investigates Zernike Campus,
Groningen, and its public spaces using a mixed-methods approach that involves (1) a space syntax
analysis of the campus’s spatial configuration, (2) volunteered geographic information (VGI) of the
users’ perceptions, and (3) non-participatory observations of the interactions between people and the
built environment in public spaces with high and low ‘potential for creativity’. The results show that
creativity cannot be explained simply by analysing spatial configurations, but that it also depends on
the combination of the land-use mix, physical features, positive experiences, and perceptions of a
sense of place which enable trust and interactions, and which facilitate creative encounters. Therefore,
the mixed-methods approach applied here can help urban planners and designers to address public
spaces more effectively, integrating conditions that support creativity.
Keywords: sustainability; creativity; space syntax; volunteered geographic information (VGI);
public participatory GIS (PPGIS); university campus; science park; public space; urban design;
landscape design
1. Introduction
The role of university campuses and science parks has essentially remained the same over time:
they are spatial clusters that are conceived as environments to foster contacts and informal networks
based on frequent face-to-face interactions [1,2]. The implementation of knowledge-based activities
in one location is expected to provide synergy, creativity and innovation from previously unrelated
disciplines [3]. Previous research found that the spatial configuration and physical features of university
campuses play a fundamental role in people’s interactions and learning activities, and hence their
creativity [4–9].
Creativity emerges and develops in dynamic interactions between individuals as ‘creators’ and
their environment [5]. Creativity is not an innate attribute of a single individual, no matter how
intelligent and talented that person might be; it is influenced by local contexts, knowledge environments,
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spatial relations and spaces of interaction [5,10]. From a spatial perspective, Hillier explains that,
in order to enable creativity, a (public) space must enhance contacts of the ‘right kind’. He defines
such contacts as “those more likely to make links between ideas and generate new ones” [11] (p. 82).
Hillier [11] argues, in his space syntax theories, that creativity is the fourth sustainability, together with
the other three: environmental, social, and economic sustainabilities. Creativity is therefore facilitated
by the spatial configuration of cities. According to Peter Meusburger [5,10], creativity and new
knowledge can be enabled by “meeting the right people in the right place at the right time” [5] (p. 137),
and for creativity to occur, it further requires certain environmental conditions connected to a sense
of place. Creativity is influenced by the way in which people perceive a place through its physical
features. In other words, the complementary approach of both scholars leads to the assumption that
creativity is a spatial and non-spatial phenomenon at one and the same time.
Empirical research in campus planning and design that deals with the interrelations between
creativity and the built environment have been carried out from the city-wide scale to the building
scale. From the citywide perspective, studies have investigated the spatial relationship and accessibility
between cities and university campuses [12–14]. The masterplan design of campuses has been
approached as entailing functional and visual units [7,15], and for the building scale, the relationships
between the physical features of office spaces and people’s contact to share tacit knowledge have
been investigated [16–18]. Based on Hilliers’ and Meusburgers’ theoretical framework and the
aforementioned empirical researches, it was noticed that the spatial aspects of the creativity of campus’
public spaces have not yet been explored.
Public spaces at university campuses are creative and knowledge hubs that enable interactions
and knowledge-sharing between people, and social wellbeing through a sense of place and
community [19–21]. They are catalysts that bring people, ideas and resources together before a
creative process can occur [5,22]. In reality, however, campus public spaces are often neglected spaces
between buildings and classrooms, whichin many casesmay inhibit the generation, evaluation and
adoption of creative ideas [5,8]. This can be attributed to the fact that campus planning and masterplan
design tend to ignore the impacts of the built environment on human beings from the perspective of
the individual [9,23]. In other words, the interface between campus’ spatial configurations and the
user perceptions of possible creative encounters are somewhat overlooked. Such issues are the result
of the fragmented governance, interests and investments of the multiple campus stakeholders [24,25],
which have implications for the quality of public spaces. These issues are recognised in the case study
for this research: Zernike Campus Groningen, in The Netherlands.
We sought to close the research gap and address the research problem by answering the following
questions: (1) How can the spatial configuration of the campus masterplan potentially enable movement
and co-presence, and hence creativity? (2) Based on the interface between the spatial configuration and
user perceptions, which campus public spaces provide high or low potential for creativity through
spontaneous encounters, socialization, and meeting people from outside the campus? (3) To what
extent do the physical features of public spaces affect high and low ‘potential for creativity’? Do such
features play a role in enabling or inhibiting creative encounters?
In order to answer these research questions, we applied a mixed-methods approach for the
collection and analysis of the empirical data. The combination of methods consisted of (1) a space
syntax analysis of the campus masterplan, in order to understand which public spaces have a high
or low potential for pedestrian movement and co-presence according to the spatial configuration of
the campus, and (2) the interface between the space syntax analysis and the quantification of the
primary data that represents user perceptions, collected using volunteered geographic information
(VGI). This allowed us to analyse public spaces with high and low ‘potential for creativity’ using the
results of the categorisation and scatterplot analyses. Furthermore, (3) a non-participatory observation
was conducted in order to show the role played by the physical features of public spaces in interactions
between people and the built environment.
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An improved understanding of the spatial aspects of creativity can help urban planners and
designers to address the design of public spaces more effectively, integrating conditions that support
creative encounters. This research adds to the arenas of social and spatial sustainability, sustainable
campus planning and design, learning environments, place-making, and geographical information
science (GIScience). The remainder of the paper is structured as follows. The literature review in
Section 2 addresses space syntax theory and empirical studies of university campus planning and
design, the importance of human perceptions in the investigation of creativity and creative encounters,
how cities and campuses are shaped by creativity, and how the public spaces that enable that creativity
are fundamental to the sustainability of a campus environment. Section 3 describes the data collection
and methodology, and this is followed by a discussion of the main results. The Section 4 contains the
conclusion, limitations and recommendations for future work.
2. Literature Review
2.1. Spatial Configuration: Space Syntax for University Campus Planning and Design
Pioneered by Hillier and Hanson [26], space syntax is a theory and a method for the analysis of
the spatial configuration of cities. Space syntax suggests that the configuration of the urban grid itself
is the main generator of a city or neighbourhood’s pattern of movement [27]. It entails the analysis
of mathematical street network models that calculate configurative spatial relationships, applying a
graph-theoretical approach, and thus indicating the dynamics of urban systems [28–30]. While the
method can be used to understand the spatial configuration of the built environment, the results
must be linked to an understanding of societal processes and human behaviour [28,31]. Space syntax
analyses work with the concept of sightlines indicating movement paths, termed ‘axial lines’, to abstract
reality. Such axial lines, in their minimal set for a whole urban entity, are represented as an ‘axial map’.
Based on a study of campus planning and design using space syntax, Penn et al. [18] explain that the
spatial configuration of a campus influences random contacts between people, which are fundamental to
the facilitation of new ideas and tacit knowledge, and hence creativity. For university campus planning
and design, space syntax was empirically tested in various cities and across different scales. The studies
explored the ways in which the spatial configuration, patterns of space use, movement, and subjective
perceptions affect the interactions between students and academics [32]; the ways in which the
spatial aspects of the public realm affect the perceived qualities of publicness [33]; the relationship
between campus life and public spaces [34]; the socio-spatial aspects of informal interactions and
learning [35]; campus spaces that evoke positive feelings and enhance place-making [36]; the degrees
and forms of publicness and their relationship to the spatial configuration of a university campus [37];
and masterplan typologies and city-campus spatial accessibilities [13,38].
Various empirical studies have shown the advantages of space syntax analyses; for example,
by demonstrating the importance of campus’ spatial configuration for enhancing social life and
encounters. The method is a descriptive way of envisioning how a network of pathways works
to facilitate or inhibit the potential of movement patterns, co-presence and social capital [39–41].
By means of such pathway analysis or graph representations, the spatial configuration of cities and
neighbourhoods can be quantitatively analysed in order to determine the relative role that each space
plays in the configuration of a system, as a whole or in its parts [31,42]. The method is a fine tool to test
and review the adequacy of planning and design solutions, and to immediately verify their validity.
In other words, it is a tool for designing, shaping, maintaining and changing creative clusters, such as
university campuses [43]. However, other studies have pointed out certain limitations of the method;
these relate to the ‘simplified’ way in which space syntax represents the built environment [44–46].
The method integrates (or reduces) the spatial configuration, physical features, human behaviours,
and the experiences of cities and neighbourhoods to a single description: axial lines.
Netto [45] argues that there are three significant forms of reductionism embodied in the space
syntax approach: (1) the reduction of spatial practices to movement, (2) the reduction of social
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interaction to bodily presence in public spaces, and (3) the reduction of urban space to its syntactic
properties. Seamon [44] adds that space syntax simplifies the role of places and the sense of place into
measurable dimensions, analytically representing the network of public spacessuch as roads, paths,
rooms or corridorsas linkages of connections and interactions [44]. Additionally, Pafka et al. [46]
provide a review of the literature, which suggests that several empirical space syntax studies that
addressed walkability and public spaces have presented problematic results. This is because the
representation of the spatial network by axial lines ignores the micro-morphology of spaces, neglecting
elements such as sidewalks, vegetation, street furniture and traffic. These limitations suggest a need to
combine complementary methods with space syntax in order to fully understand the interface between
the built environment and people’s perceptions and experiences, and how this interface plays a role in
creative encounters in campus public spaces.
2.2. Mapping People’s Perceptions and Observing Interactions
Through perceptions, people interpret unconnected stimuli to construct something meaningful
about a certain environment [47]. Heft [48] explains that perceiving and acting are fundamental to almost
all complex organisms for sustaining life. Both processes operate synergistically. Perceptions and
objective properties of places can be mapped and quantified using PPGIS [49,50] methods, which identify
relationships between environmental factors, local experiences and everyday behaviour [51,52]. PPGISs
have been used in various place-based studies, such as a combination of accessibility analysis with
PPGIS of users’ environmental perceptions [53], to map locations that enhance relaxation and reduce
stress among university students [32], the multiple-level influences of health behaviours and factors
that influence active travel by older adults [54] and the application of PPGIS for planning urban green
infrastructure [55]. With PPGIS, more specifically VGI, the researcher can collect perceptual data while
citizens act as active sensors within an environment [49].
From a conceptual and research perspective, VGI intersects with the more established field of
PPGIS in the development of Internet-based tools to create, assemble and disseminate geographic
information provided voluntarily by individuals [49,56]. The integration of Internet-based GIS and
citizen information can reveal the strength of intersecting networks in community management,
facilitate communication between different groups of stakeholders and empower citizens to participate
effectively in the processes of urban planning and design and policy-making [57,58].
Marcus et al. [59] explain that the built environment engages humans not only through its locations
for different physical activities and uses but also mentally, by providing opportunities for learning
and meaning creation. Therefore, investigating real-life situations with VGI perceptual data and
observing interactions between people and the built environment are effective ways to understand
human behaviour and needs [60,61]. Observations provide insights into how people, objects, artefacts
and other features of the built environment interact [62]. With observation, it is possible to collect and
analyse information about physical aspects that influence the frequency of VGI-mapped perceptions.
It is a useful resource to subject practical actions and activities in situ to detailed analysis [63].
Observations of interactions between people and the environment have been empirically
tested in various urban design and planning studies looking at ‘flexible spaces’ [64], ‘life between
buildings’ [65,66], the sense of community in campus public spaces [8], ‘urban design features’ [67],
‘landscape taxonomy’ [68,69] and the ‘post-occupancy evaluation (POE) of outdoor spaces’ [70].
Such observational studies suggest that the urban design of creative clusters, such as university
campuses, should promote combinations of urban forms, city blocks, building types and frontage
types that suit combinations of land uses, activities and people [6].
2.3. Creativity as the Fourth Sustainability through the Lens of Space Syntax and the Sense of Place
In order to understand the spatial aspects of creativity, it is necessary to recall the definition
of creativity. Boden [71] defines it as “the ability to come up with ideas or artefacts that are new,
surprising and valuable” [71] (p. 1). As all people are creative, and constantly need and apply creativity
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to solve their everyday problems, creativity is a characteristic that does not belong solely to the art
disciplines [72,73]. It is, therefore, not the same as innovation. Creativity relates to the generation of
new and valuable ideas, whereas innovation is about the implementation of those ideas [5]. For this
study, we use the concept of Shalley et al. [74], who suggest that “creativity involves the production,
conceptualization, or development of novel, original and useful ideas, processes, or procedures by an
individual or by a group” [74] (p. 215).
This study approaches the spatial aspects of creativity from two complementary perspectives.
The first relates to Hillier’s [11] hypothesis that creativity is the fourth sustainability. He proposes
that the other three sustainabilities (economic, environmental, and social) are consequences of the
spatial form of a city, whereas the fourth, creativity, is the reason for it. Hillier [11] uses space syntax
theories to explain the way in which city networks are enabled by multiple human necessities, which he
conceptualises as ‘creativity’. He explains that the development of a city is a continuous process of
co-evolution between human needs and urban form, establishing a direct rapport between the two [11].
Because of creativity, interactions are established and solutions regarding spatial relations are solved,
for example, by creating railways and transport lines and hence accessibility between regions and
neighbourhoods. Therefore, university campuses and city-university spatial relations are regarded here
as ‘creative solutions’ or ‘spatial solutions’ conceived for human needs. The fundamental idea of the
organisation of academic and research-based institutions into spatial clusters was a ‘creative solution’ to
enable the co-presence of educated individuals in the same area, and hence enable long-term economic
growth [75,76].
As mentioned above, space syntax analyses describe cities as a series of linkages and measurable
entities that demonstrate stronger and weaker connections and relationships [40]. Therefore,
a complementary theoretical framework that addresses people’s perceptions of their sense of place
and public spaces is necessary to understand creativity as the fourth sustainability. For that reason,
the second perspective builds on Peter Meusburger’s [5,8,77] studies, which propose that the success
of a university campus or any other type of creative cluster derives from the interface between the
built environment and causal interactions between people that facilitate the generation, diffusion
and application of creativity. This is connected to theories of a ‘sense of place’. A sense of place is
defined here as the interactions of individuals’ bodily routines rooted in a geographical locale that
often becomes a place of interpersonal and communal exchange, meaning and attachment [40]. A sense
of place thus enables trust, and hence the exchange of information between people interacting in
an environment [78]. In line with Meusburger, Raymond et al. [79] explain that a sense of place is
a property of the relationship between perception–action and social construction processes within
place-based experiences. People are emotionally attached to places, prefer certain places, or gather
regularly at specific places for various functional, symbolic and emotional reasons [5].
This literature review leads us to suggest that ‘creative solutions’ both shape university campuses
and their public spaces, and are shaped by these places. The conceptual model (Figure 1) illustrates that:
(1) cities are creative inventions, and therefore the spatial accessibilities of campuses and city campuses
have certain spatial configurations because of creativity; and (2) the public spaces of university
campuses are fundamental to enabling contacts of the ‘right kind’ through spontaneous encounters,
socialisation and meeting people from outside the university.
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Figure 1. Understanding the relationship between the city and creativity as the fourth sustainability. rst i t l .
3. Materials and Methods
3.1. Case Study: Zernike Campus, Groningen, The Netherlands
Groningen is a university city in the north of The Netherlands, with a population of 231,299 [80].
In total, there are currently around 60,000 students from various academic institutions [81], the largest
of which is the University of Groningen (UG), founded in 1614, with over 30,000 students. The UG
has two locations and two types of campus: the ‘dependent urban fabric’ and the ‘autonomous urban
fabric’ [38,82]. At the ‘dependent urban fabric’, the university buildings and departments are scattered
across the city centre, while Zernike Campus, the ‘autonomous urban fabric’, is a top-down modernistic
masterplan, located on the edge of the city (Figure 2).
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such as a library, a sports centre, canteens, restaurants and cafés—are clustered in the southern part 
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Zernike Campus was established in the late 1960s as an independent and segregated cluster of
buildings. Both the spatial segregation between the campus and the city and the top-down modernistic
masterplan was a typical ‘creative solution’ in European cities around that time. The broad availability
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of land on the city periphery, influenced by easy car access, encouraged the establishment of the
campus because of the need for separated (or even isolated) spaces for research and education in the
natural sciences and technology [83,84]. In the context of The Netherlands, such campuses, also called
‘satellite science precincts’ [85], represent 28.5% out of 35 campuses [86]. We chose Zernike campus as
the study case because it is representative of the Dutch context, and it provides the possibility for local
expert knowledge and a convenient sample.
Figure 3 shows the land-use distribution, with a clear separation between academic activities
(south) and knowledge-intensive and research-based companies (north). Diverse urban functionssuch
as a library, a sports centre, canteens, restaurants and cafésare clustered in the southern part of the
campus, around the academic buildings. The masterplan satellite science campuses are commonly
composed of buildings that were designed and constructed at different times, implemented freely
in open green fields, producing a drive-through, sprawling and isolated atmosphere [7]. In this
context, the buildings and public spaces are spatially and socially disconnected from their immediate
context [7,82]. This lack of continuity between the buildings and public spaces is classified by
Hajrasouliha [15] as a ‘weak spatial structure’.
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3.2. Computational Analysis with Space Syntax
We applied space syntax to analyse the spatial configuration of the campus area in order
to investigate its potential for movement, co-presence, and creative encounters. The axial lines
were designed using Open Street Map (OSM) as a base map, applying the logic of an axial map.
The pedestrian-centred axial map represents spaces with non-restricted access, such as streets, sidewalks,
plazas, internal passages, and corridors on the ground floor of university buildings. The syntactical
analysis was carried out using Depthmap software [87].
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For the analyses, we applied the normalised angular choice measure (NACH) to calculate the
‘potential through-movement’ [88,89] of the campus. Angular choice has the strongest and the most
consistent correlation with pedestrian movement compared to any other syntactic measure, such as
integration [88,90,91], since humans tend to estimate the angular distance to reach destinations while
walking through the environment [92–94]. In other words, NACH represents the likelihood of a street
segment to be part of a particular path. Thus, high choice values channel high flow between an origin
and a destination [95], affecting movement and social transactions, and consequently, the transmission
of tacit knowledge. Two radii were used: the city-wide radius N, depicting the logic of the whole
campus, and the local radius 800 m, representing a 10 minute walk.
3.3. Volunteered Geographic Information (VGI)
In order to understand the ways in which users perceive the ‘potential for creativity’ in campus
public spaces, a map-based survey was carried out using the urban-focused web-based application
Maptionnaire (maptionnaire.com, developed by Mapita, Helsinki, Finland) [96]. The data collection
method was based on a study by Yaylali-Yildiz et al. [33]. Participants were asked to draw polygons
on the campus map that represented their experiences and perceptions of indoor and outdoor campus
public spaces. The map-based questions and their definitions are presented in Table 1.
Table 1. Map-based questionnaire questions and definitions.
Question Definition
Indicate on the map the public space(s) that
provide(s) possibilities of spontaneous encounter
Spontaneous encounters are unexpected findings of
valuable ideas, people and things influenced by the
built environment [5].
Indicate on the map the public space(s) that
provide(s) possibilities of socialisation
Tacit knowledge is shared, transferred and
accumulated through socialisation between creative
individuals [5,10,97]
Indicate on the map the public space(s) that
provide(s) possibilities of meeting people from
outside the campus (MPFOC)
Campuses should be activity hubs that serve not only
students and staff but the wider population of a town
and region [98].
In total, we collected 224 polygon responses. The participants were university students and
employees from various academic institutions. Before starting the survey, the participants were
informed about the research subject and privacy regulations. The empirical data were collected in
line with The Netherlands Code of Conduct for Research Integrity [99], the General Data Protection
Regulation [100], and the Declaration of Helsinki, and the protocol was approved by the Ethics
Committee of the Faculty of Spatial Sciences at the UG. The data were collected during weekdays in
April 2018 across the southern part of the campus, where academic institutions are located and high
pedestrian movement occurs. Since the northern part of the campus is currently under development,
the user movements are predominantly cycling and vehicle-based.
The survey was conducted as an in-class experiment by Bachelor’s students of the ‘Methods for
Academic Research’ course unit at the UG. For reasons of consistency, the proper use of the Maptionnaire
web tool, and the replicability of data collection, the students who collected the data received a short
training session which presented the essential information. Thus, a controlled procedure was followed
using the same questions for all of the participants.
3.4. Combining the Space Syntax Model with Volunteered Geographic Information (VGI) Data
To understand the interplay between the spatial configuration of the campus and people’s mapped
perceptions, we combined and categorised the space syntax results with the VGI perceptual data
using geographical information systems (GIS). Two values were attributed to the segments map,
representing the campus’s spatial structure: (1) the NACH R800m values, representing the potential for
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pedestrian movement and co-presence; and (2) the average result of the VGI perceptual data, indicating
the frequency of spontaneous encounters, socialization, and possibilities for meeting people from outside the
campus (MPFOC). The attribution of VGI values to the segments was calculated using ‘spatial join’,
in accordance with the average frequency of the polygon responses that intersected the segments.
In other words, every street segment has a space syntax value (NACH) and a VGI value. This procedure
enabled us to locate and visualise public spaces with a high or low ‘potential for creativity’. The public
spaces that we describe as having a high ‘potential for creativity’ are those shown to have high VGI
values and concurrent high NACH R800m values.
The NACH R800m results, representing a 10-min walk, were combined with VGI, since the
observations confirmed that people tend to walk up to 10 min between key destinations on campus,
such as classrooms, offices, cafeterias, the library, the supermarket, and the Sports Centre. Furthermore,
a scatterplot analysis was conducted in accordance with the following categorisation values: (1) high
VGI and high NACH R800m, (2) high VGI and low NACH R800m, (3) low VGI and high NACH
R800m, and (4) low VGI and low NACH R800m. This method represents geo-referenced ‘patches’ of
human interactions, rather than networks of communication between people. The categorisation and
scatterplot analyses formed the basis for the non-participatory observation analysis.
3.5. Observation of Interactions between People and the Built Environment
Although the interface between the space syntax analysis and the VGI perceptual data shows the
variation of the ‘potential for creativity’ throughout the campus public spaces, the additional qualitative
method of the non-participatory observations sheds light on how the people, objects and other features
of the physical environment interact [62,101–103]. In other words, the non-participatory observation
yields information concerning the interface between the public spaces’ physical features and peoples’
behaviour, without actively interacting with the participants. This method was chosen because the
observation, recording and analysis of peoples’ activities and interactions, despite the limitations,
provides access to social action, allowing aspects of particular events to be subjected to detailed
repeated scrutiny [62,104]. With this method, only visible behaviour can be recorded, and intentions
and motives cannot be unveiled. Observation is not claimed to be a complete or natural representation
of the activities of groups and individuals, but rather a portion of their daily activities [63,105].
For the present research, we conducted structured observations and collected empirical data,
such as photography and short videos, at nine locations across the campus. The observations
and content analysis were based on the studies by Mehta [61,69], Kenney et al. [8], and Costa and
Lopes [102]. Nine locations for observation were selected based on the above-mentioned categorisation
and scatterplot analyses. For each location, we spent 10 minutes observing the interactions between
people and the built environment during lunchtime (between 12 noon and 1 p.m.) on weekdays in the
first two weeks of June 2019. The researcher was located at a discreet vantage point for maximum
visibility of activity at each location, and they recorded activities in detail using photo and video
cameras. The non-participatory analysis demonstrates that the results of the high and low ‘potential
for creativity’, measured through the interface between the VGI perceptual data and space syntax,
may or may not be reflected in the observed relationship between people and the built environment.
This analysis thus describes the ways in which the physical features of public spacessuch as paved
surfaces, lighting, shared spaces, sitting opportunities, trees, water features, shade and shelter, signs,
cafés or dining halls [4,61,64–68]play a role in enabling or inhibiting creative encounters.
4. Results and Discussion
4.1. Potential for Creative Encounters through Spatial Configuration
The results of the space syntax analysis are represented graphically on an axial map using a scale
of colours ranging from red, referring to highly accessible streets, to blue, referring to segregated streets.
Figures 4 and 5, and Table 2 show the results of the global and local NACH for the campus masterplan
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model. The analyses represent the potential through-movement for pedestrians within the campus
(NACH RN) and 10-min walks (NACH R800m).Sustainability 2020, 12, x FOR PEER REVIEW 10 of 21 
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Table 2. NACH analysis for selected streets. For the location of the segments, see Figure 5.
NACHRn NACH R800m
System min. 0.00 0.00
System mean 0.86 0.88
System max. 1.47 1.42
01. De Mudden (street) 1.37 1.31
02. Kadijk (street) 1.36 1.28
03. Zernikelaan (street) (1) 1.47 1.42
04. Zernikeplein (street) 1.29 1.30
05. Kapteynborg building (corridor) 0.82 0.84
06. Blawborgje (street) 1.41 1.23
07. Landleven (street) 1.35 1.39
08. Duisenberg building (corridor) 1.19 1.23
09. Sports Centre (corridor) 0.90 0.93
10. Exam hall (corridor) - -
11. De Deimten (street) 1.29 1.32
12. Growelerie (street) 1.29 1.29
13. Supermarket - -
14. Zernikelaan (street) (2) 1.30 1.28
15. Nijenborgh (street) 1.32 1.29
16. Energy Academy building (corridor) 1.09 1.08
17. Nettelbosje (street) 1.27 1.32
18. Mercator building (corridor) 0.65 0.72
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The results show that, although the axial map was designed with a focus on spaces dedicated
to pedestrian movement, the results of the global measure (NACH RN) highlight the high values of
movement for vehicular, cycling and pedestrian routes throughout the campus’s maxi-grid of straight
streets (Figure 4a). Such a grid was a creative solution adopted in the 1960s, mainly to allow car
circulation. High NACH RN values were found for the ‘spatial spine’ of the campus, comprising the
streets Zernikelaan, Kadijk, Blauwborgje and De Mudden (Figure 5). The local measure, NACH R800m
(Figure 4b), resulted in high values on the Landleven, Nettelbosje, De Mudden, Kadijk and De Deimten
Streets. This, therefore, highlights the urban spine with links to the maxi-grid. Legeby [37] suggests
that a high potential for movement and co-presence is of major significance for the social relations and
social capital that may potentially emerge in campus public spaces.
Interestingly, the results showed that the internal corridor of the Duisenberg building has high
values for local NACH (R800m), which are comparable to certain outdoor segments. These high values
can be explained by its central location and connectivity to adjacent roads and other indoor circulation
(Table 2). These results demonstrate that public spaces (or segments) with strong choice-values
occur when many of the shortest paths, connecting all of the spaces to all of the other spaces in a
system, pass through it [91]. However, the corridors of the Kapteynborg and Mercator buildings
show low values. Such low values for segments that are not located in privileged and central areas
can be attributed to the line depth of ‘specified’ routes, because indoor areas are often less visible,
less accessible, and have a lower potential for movement. Based on Hillier et al.’s [27] ‘natural
movement’ theory, the aforementioned results suggest that the spatial configuration of the campus grid
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yields attraction inequalities and privilege for some public spaces over others without the consideration
of land use attractors.
4.2. Superimposing People’s Perceptions on Space Syntax Results
The results of the space syntax analysis provided valuable insights into where creativity can
potentially occur according to the spatial structure of the campus masterplan. However, it is important
to understand, through user perceptions, which campus public spaces have high or low opportunities
for creative encounters. Therefore, the space syntax analysis (NACH R800m) was superimposed on
the VGI perceptual data (Figure 6). The grey colour range represents the polygons drawn by the
interviewees in Maptionnaire. The darker the colour, the greater the opportunity for spontaneous
encounters, socialization, and MPFOC. The results show that the location of the urban functionssuch as
academic activities, cafés and restaurantsinfluence the choice of indoor or outdoor routes, as well as
combined routes. For example, the users indicated a high potential for creativity through socialisation
and spontaneous encounters around Landleven Street and the Duisenberg building, which are centrally
located and have a mixed land use. For high opportunities for MPFOC, the users mainly indicated
the Sports Centre as a favourite place. Therefore, if interactions between people are to generate new
knowledge through creativity, it is likely to occur between people from the same institution (UG),
clustered in the south of the campus.
Figure 7 presents the interface between the space syntax and VGI perceptual data, categorised
by (1) high VGI and high NACHR800m (red), (2) high VGI and low NACHR800m (yellow), (3) low
VGI and high NACHR800m (blue), and (4) low VGI and low NACHR800m (grey). Although the grey
category includes a considerable number of the segments, this research only focuses on spaces with
high VGI or space syntax values. The results show that the public spaces (or segments) with the highest
‘potential for creativity’ belong to the red category, and that spontaneous encounters and socialisation
are clustered around Landleven Street and the indoor and outdoor public spaces of the Duisenberg
building. The opportunities for MPFOC occur predominantly at the Sports Centre. These results
confirm the research hypothesis, showing that a high potential for creativity occurs in public spaces
that enable an interplay between the high potential for movement and co-presence and, at the same
time, high opportunities for spontaneous encounter, socialisation and MPFOC (see Figure 3).
For the yellow category (high VGI and low NACH R800m), the results show a few segments,
which will be further addressed in the observation analysis. The blue category (low VGI and high
NACH R800m) depicts a great number of segments. The high NACH R800m values essentially
highlight the long and straight lines on the campus, which is a typical ‘creative solution’ for modernistic
masterplans. However, for this category, only a few respondents drew polygons that overlap with
high NACH R800m values. This is consistent with previous studies, which suggested that reducing
places and a sense of place to syntactic properties might overlook social interactions, bodily presence,
and the micro-morphology of public spaces [44–46].
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4.3. Observation Analysis: Physical Features, Interactions and Creativity
For the non-participatory observations, nine locations across the campus were selected for the
analysis. This illustrate the extent to which the physical features of the built environm nt play a role
in t e high or low potential for creativity, and how their quality enables or inhibits creative enc unters.
Figure 8 shows photographs of the nine public spaces, which comprise three spaces in each colour
category (red, yellow and blue).
The observ tions of public spaces in the red category illu trate why Landleven Stre t nd the
internal corridor in the Duisenberg buildin are the public spaces with the highest potential for creativity.
They provide diversity, with amenities such as cafés, the library, the supermarket, water features, shared
spaces, and seating opportunities. Such a concentration of amenities has established these spaces as
‘community-gathering places’ [61]. This shows the importance of clustering physical features, and the
extent to which they can facilitate contacts of the ‘right kind’ [11] through ‘common activities’, such as
buying a coffee, going to the canteen, or sitting on the same bench. The results for the yellow category
(high VGI and low NACH R800m) imply that creative encounters in public spaces can be facilitated
mainly by social activities and physical features, while the potential for movement and co-presence
plays a minimal role. For example, the walkway between the football fields shows low potential for
movement (0.53) but high opportunities for meeting people from outside the campus (20 respondents).
It does not seem to matter that this space has low accessibility, because what attracts people is the
sporting activity and the opportunity to encounter others.
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For the blue category (low VGI and high NACH R800m), the observation was conducted at
the intersection of the Kadijk and Zernikelaan streets. This intersection is a typical vehicular and
cycling-oriented environment, and forms a physical separation between the academic activities and
companies located in the north of the campus. The observations show that this intersection is mainly
used for goal-oriented pedestrian movement, when people walk to have lunch. As well as trees that
provide shade, vehicular and cycling routes, and narrow sidewalks, the physical features of this public
space do not encourage stationary activities, for example, and could inhibit creative encounters.
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In summary, the present results are significant in at least two major respects. One is in regards
to the primary focus of this research, which was to empirically test the interface between spatial
configuration and the perceptions of a sense of place through a mixed-methods approach. The findings
of the yellow and blue categories suggest that a high potential for pedestrian movement and co-presence
measured by NACH R800m does not determine whether or not people will engage with the built
environment or creative encounters. Therefore, public places (or segments) indicated with high
opportunities for spontaneous encounters, socialisation and MPFOC do not appear to depend entirely
on their spatial configuration, but rather on the availability of activities, urban functions and physical
features. In other words, a low potential for movement does not mean a low engagement between
people and the built environment, as observed in the yellow category between the football fields.
Furthermore, the high potential for movement determines the high engagement between people and
the built environment, as seen in the blue category at the intersection of the Kadijk and Zernikelaan
streets (see Figures 4 and 5).
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Additionally, this research provided insights into peoples’ perceptions and behaviour in public
spaces, within the context of satellite science precincts [85,86]. The results support evidence from
previous observations, that buildings and public spaces of modernistic satellite science campuses are
spatially and socially disconnected from the immediate environment [7,72], resulting in a masterplan
with a ‘weak spatial structure’ [15]. Commonly, in such a type of campus, public spaces are placeless
environments, overshadowed by fragmentation and remoteness. These are consequences of a top-down
modernistic masterplan, which was considered to be a ‘creative solution’ in post-war Europe. Therefore,
we suggest that, for the Dutch context, Zernike campus is a representative study case, given that satellite
science campuses are similar in terms of the way in which they were developed and implemented.
5. Conclusions
We empirically investigated the spatial aspects of creativity in public spaces at Zernike Campus,
Groningen. Our findings contribute to Hillier’s hypothesis that creativity is the fourth sustainability [11],
and that contacts of the ‘right kind’ depend not only on the spatial configuration but also on people’s
perceptions of a sense of place, as suggested by Meusburger [5]. The results showed that people tend to
see possibilities of creative encounters close to the places that they are familiar with, and in areas that are
easy to reach in terms of accessibility. Public spaces with a high potential for movement and co-presence,
as well as those that are perceived to have a high frequency of spontaneous encounters, socialization,
and meeting people from outside the campus are the ones with the highest ‘potential for creativity’.
The outcomes of this research showed that creativity does not only depend on the accessibility of
these public spaces or street segments, but also relies on the mix of active land use and activities,
such as cafés, restaurants, green paths and urban seating. In contrast with the spatial configuration,
the physical features and land-use mix appear to have a greater influence on creative encounters.
Based on Hilliers’ and Meusburgers’ theoretical frameworks, we used a mixed-methods approach
to collect and analyse spatial and perceptual data, considering that ‘creativity’ both shapes and is shaped
by university campuses and their public spaces. This method investigated the interface between the
potential for pedestrian movement and co-presence throughout the campus, using space syntax and
mapped perceptions of creative encounters by means of volunteered geographic information (VGI).
These complementary methods proved to be useful in expanding our understanding of the ways in
which the interface between the spatial configuration and user perceptions of creative encounters are
fundamental empirical evidence to improve the masterplan design of satellite science parks and to
transform public spaces into creative, dynamic and multi-purpose interconnected places [106]. This is in
line with Wood and Dovey’s [6] suggestion that the public space design of creative clusters, such as
university campuses, depends on the combination of the land-use mix, activities and people. This is an
effective ‘creative solution’ for the transfer and diffusion of tacit knowledge.
The limitations of this research relate to the space syntax analysis and the area of the data
collection. Space syntax effectively measures the pedestrian movement and co-presence at central and
‘organic’ areas of the campus, such as the public spaces around Landleven Street and the Duisenberg
building. However, in more peripheral areas, the same model tends to highlight the campus’s loose
maxi-grid of high speed and straight arterial roads. The other limitation is the data collection, where the
VGI perceptual data represents ‘patches’ of human perceptions predominantly in the south of the
campus. We therefore recognise that it does not fully represent the population of people working and
studying there.
For future research, the following aspects should be addressed. First, perceptual data should
be collected from an area incorporating the northern part of the campus, where companies are
located. This will then make it possible to better understand creative encounters between people from
the different organisations located on campus (e.g., the university of applied sciences and private
companies). Second, a critical reflection on the mixed-methods approach for further application is
needed. For example, the procedure of combining and categorising spatial configuration analysis
with space syntax and VGI perceptual data should be reviewed. Both aspects play a fundamental role
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in understanding the use of public spaces and the richness of the community on campus; however,
the datasets have a quite distinct logic. Therefore, we were not yet able to provide statistical associations
between the two geospatial datasets. After revision and refinement, this mixed-methods approach can
be used for external validation with other case-studies and comparative studies that explore differences
and similarities between the spatial aspects of creativity of campuses, masterplan design and public
space typologies, e.g., a comparison between Dutch inner-city campuses and science parks.
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